The aim of the study was to identify the genotype of Polish isolates of salmonid alphaviruses (SAV) and to find the origin of the virus. Samples for virus isolation included the kidneys, spleen, and liver pooled from 10 fish. A typical cytopathic effect was observed after inoculation of samples on cell lines. Total RNA was extracted from cell culture supernatant and submitted to RT-PCR with primers amplifying two informative regions of the genome: a conserved region in the E2 gene and a variable region in the nsP3 gene. The sequences revealed that the strain from Poland belonged to subtype SAV 2, indicating a very strong genetic identity with isolates from Italy and France.
Introduction
Alphaviruses are small (70 nm in diameter), spherical, enveloped viruses with a genome consisting of a single strand of positive-sense RNA. The nonstructural protein genes cover the two-thirds of the genome (nsP1 -nsP4) from the 5'end, while the structural proteins are translated from a subgenomic mRNA from the 3' end of the genome (12) . Nelson et al. (11) and McLoughlin et al. (10) reported isolation of the virus from samples of pancreas disease-affected Atlantic salmon collected in the north-west of Ireland. The isolated virus showed physic-chemical characteristics and morphology resembling members of the Togaviridae family. The experimental infection of salmon post-smolts resulted in pathological changes consistent with pancreas disease, and the authors proposed the name of the virus as salmon pancreas disease virus (SPDV). In a follow-up study, this virus appeared to be the causative agent of the disease. This was later supported by the isolation of the virus from cases of pancreas disease that affected salmon in Norway (4) and Scotland (13) . SPDV and sleeping disease virus (SDV) are closely related isolates of the same virus species, and the name salmonid alphavirus was proposed (15) . Genetic analysis of the salmonid alphavirus from Norway revealed that it formed a distinct subtype, separate from both previously reported subtypes, and was named Norwegian salmonid alphavirus (8) . Therefore, the virus was classified in 2008 into six subtypes; SPDV or subtype 1 (SAV1) had been isolated from Atlantic salmon in Ireland and the UK whilst SDV or subtype 2 (SAV2) had been isolated from freshwater rainbow trout in the UK, France, and Germany (2) . Previous reports, subsequently showed that Norwegian strains belonged to a distinct subtype now referred to as NSAV or SAV3 (8, 15) , and a more extensive study identified three further subtypes: SAV4, SAV5, and SAV6 (5) .
Sleeping disease of farmed freshwater rainbow trout, Oncorhynchus mykiss, has been observed in France for many years, causing mortalities of up to 22% (1) . The characteristic signs of the disease include the unusual behaviour of fish 'sleeping' on their sides at the bottom of the tank. A viral aetiology of the disease was suspected, as virus-like particles were observed in purified homogenates from the kidneys of diseased fish (1).The virus was first isolated in France (3) and fully characterised as an alphavirus (14) . Historically, the disease has been endemic in parts of France with up to 30% of trout farms in Brittany infected (15) . A number of reports in recent years have shown that the disease has now spread to neighbouring countries. Sleeping disease was first diagnosed in rainbow trout in England (6) and Scotland in 2002 (13) , and was confirmed by the isolation of the salmonid alphavirus (7) . In 2005, the first isolation of the virus in Germany was reported (2) . The disease was also suspected to have occurred in Spain and Italy but the virus isolation failed due to a lack of diagnostic tools and concurrent infection by infectious pancreatic necrosis virus. Later, the detection of the salmonid alphavirus using cell culture and RT-PCR in rainbow trout from Spain and Italy was reported. The fish exhibited clinical signs of sleeping disease (fish lying on the side at the bottom of reservoir), confirming the earlier suspicions (7) .
The study describes an independent isolation of the virus from tissues of a rainbow trout with clinical signs of sleeping disease. A 303-bp fragment of the E2 glycoprotein encoding gene was sequenced and compared with the corresponding sequence of SAV strains isolated in Europe for the purpose of gaining knowledge on the strain isolated in Poland.
Material and Methods
Fish sampling. The fish tissue material was collected by a local veterinarian from dead or moribund rainbow trout fry with clinical sings specific for SAV on farms in northern Poland in 2011, when the water temperature was about 12 -15°C. The samples were collected repeatedly from the same farms. The pooled samples from the spleen, kidneys, and liver were then prepared from 10 fish.
Virus isolation. The samples were homogenised in Eagle's MEM with Tris buffer, pH 7.6, supplemented with a 10% foetal bovine serum (FBS) and antibiotics to a volume ratio of 1:10. After 15 min of centrifugation at 4000 g at 4°C, supernatants were filtered through a 0.45 µL pore-size filter membrane and used for inoculation of two (RTG-2 and CHSE-214) cell lines. Rainbow trout gonad (RTG-2) cells and chinook salmon embryo (CHSE-214) cells were inoculated with a primary dilution and successive tenfold dilutions of 1:100, 1:1000, and 1:10 000, respectively. The cells were propagated at 15°C in 24-well plates with Eagle's MEM and a Tris buffer supplemented with a 10% FBS and standard concentrations of antibiotics. The cells were collected when the cytopathic effect (CPE) was evident, usually 7-14 d after inoculation.
The cells were frozen and thawed, the cell debris pelleted and the supernatant used in ELISA. Preliminary identification of viral CPE was by an amplified sandwich-ELISA following recommended procedures (OIE) and using rabbit immunoglobulin (Ig) and biotinylated rabbit IgG specific to VHSV, IHNV, IPNV, and SVCV. Epizootic haematopoietic necrosis virus (EHNV) was tested by PCR.
Positive control. Genetic material of FR-S49P (AJ316246) strain was used as a reference material for RT-PCR. The negative control was the whole cell DNA isolated from non-infected RTG-2 and CHSE-2 cells. RT-PCR and sequencing. Total RNA was extracted from the supernatant of the infected cells using an RNA virus kit (A&A Biotechnology, Poland) according to the manufacturer's instruction. Genetic material was used in the PCR test or stored at -80°C for further experiments. Based on the data available in GenBank, a 303bp region of the E2 gene, showing high nucleotide and amino acid variability, was selected for sequencing and phylogenetic analyses. The newly designed primers: SAV13f, 5' TCCACCACCCCGAA GAAGT 3', SAV14r, 5'CTCGCTTTCACATCTTT GCCT 3' flanking this variable region were subsequently used for RT-PCR amplification. For each sample, the presence of SAV RNA was initially demonstrated by one-step RT-PCR.
The reaction was conducted using a SuperScript One-Step RT-PCR with Platinum Taq (Invitrogen). Briefly, 45 µL of the reaction mixture, containing 5 µl of extracted RNA, 20 µM of each primer, were subjected to following thermal conditions: 50°C for 30 min; 94°C for 2 min; 35 cycles of 94°C for 15 sec, 52°C for 30 sec, 68°C for 60 sec; and the final extension at 72°C for 7 min. All PCRs were conducted with the use of a T3 Thermocycler (Biometra, Germany).
The amplified products were separated by electrophoresis in a 2% agarose gel with ethidinum bromide (1 μL/mL) in 1 × TBE (Tris-acetate-EDTA) buffer and visualised by UV transillumination using EC3 Chemi HR 410 Imaging System (Ultra-Violet Products Ltd., UK). A GeneRuler TM 100bp DNA Ladder Plus (Fermentas) was used as a molecular size standard.
All PCR products were TA-cloned (Invitrogen), and clones were sequenced in both orientations at the commercial sequencing facility. The sequences were assembled and aligned with VNTI 11 (Invitrogen) to obtain a consensus.
Phylogenetic analysis. Fragments within the E2 PCR products, corresponding to positions of S49p strain were used for subsequent evaluation for 25 other strains available in the GenBank database (Table 1) . Nucleotide sequences were deduced using the MEGA5 programme. Multiple sequences alignments were generated using Clustal W. Neighbor-joining (NJ) analysis, and maximum parsimony (MP) analysis, by means of MEGA programme. One thousand bootstrapped alignments were constructed and neighbour-joining trees were built.
Results
In July 2011, the Department of Fish Diseases of NVRI received two samples of fish suspected for SAV infection. The samples came from the two trout farms in Northern Poland, where the owners observed typical "sleeping behaviour". The fish were lethargic and stopped eating. Rainbow trout fry (size 5-8 g and 10-12 g) was laying on their side at the bottom of the tank. Finally, when mixed bacterial infection, confirmed by local laboratory, and decubitus ulcers occurred (Fig. 1) , it resulted in high losses (from 10% to even 60% mortality in particular tanks). Cythopathic effect on RTG-2 and CHSE-214 cell monolayers, inoculated with tissue homogenates from samples delivered to the laboratory, was observed in the first passage after 10 d (Fig. 2) . A similar effect was obtained after the second passage. In an attempt to identify isolated viral species, routine diagnostic methods (PCR and ELISA) were used in targeting various fish viruses that usually occur in our country (VHS, IHN, IPN, SVC, EHN) with a negative result. Three months later, one of the two earlier described farms again experienced an onset of symptoms suggesting "sleeping disease", and in October 2011, after examination (RT-PCR) of the samples, the presence of the salmonid alphavirus (SAV) in organs was confirmed. This time, fish mortality did not increase, but some economic losses were reported due to decreased appetite and reduced growth rate (W. Mazur, personal communication).
The sequence analysis of the E2 gene fragment showed no differences between Polish isolates, therefore they were classified as the one SAV/Poland 2011 strain. The unrooted phylogenetic tree showing the relationships between Polish strain and 25 other virus sequences from each subtype available in Gen Bank database is depicted in Fig. 3 . Six main clades are clearly visible. The subtype 2 of SAV involves mainly rainbow trout isolates from Scotland, England, France, Spain, Italy, and now also from Poland. 
Discussion
This study has revealed for the first time the presence of SAV in rainbow trout in Poland. The Polish strain is highly similar to the other European virus strains, from Italy, France, and Spain. The close relationship of the Polish isolates to viruses identified in Spain, Italy, and France, as well as information collected from owners of the affected farms and local veterinary officers, support the hypothesis that the virus can originate from one of the above countries and was introduced as a result of trade practices in connection with the import of stocking material.
Successive mortality events over the last 20 years in different European countries proved that alphaviruses constitute a constant threat to farmed and wild salmonid populations. However, control of these pathogens is impeded by a lack of specific diagnostic tools, including PCR, in addition to the poor understanding of critical epidemiological factors and transmission routes.
The relative roles of vertical and horizontal transmission of SAV in aquaculture have been extensively discussed, and it was agreed that horizontal infection is the most important. Kristoffersen et al. (9) concluded that horizontal spread was the key factor in virus transmission, with infection pressure, a variable reflecting the potential for local disease spread, having a strong effect on the probability of an outbreak.
Since 2011, all samples from fish showing clinical and pathological signs characteristic for infection with sleeping disease virus submitted for diagnosis to our laboratory were confirmed for the presence of SAV.
It is suspected that the source of the virus in Poland might be eggs imported by Polish farmers. The phylogenetic analyses of Polish strains and their similarity to Italian, French, and Spanish isolates confirm authors' hypothesis about the origin of SAV, because the mentioned countries are the main producers of rainbow trout stocking material in Europe.
Moreover, interesting data on SAV subtype 2 was presented by Fringuelli et al. (5) , who reported for the first time the detection of two strains that were assigned to SAV2 from farmed marine Atlantic salmon. All strains had originated from rainbow trout in fresh water associated with outbreaks of sleeping disease. This study indicates that these marine SAV2 strains, which are clearly distinguishable from freshwater trout strains, are found extensively in Scottish aquaculture. Analysis of partial E2 sequences from several of these sleeping disease outbreaks in Europe described by Fringuelli et al. (5) found them all to be identical.
To conclude, the isolation of SDV from rainbow trout in Poland was reported for the first time. The analysis of the sequencing data of the conserved region in the SDV E2 gene indicates that the Polish strain belongs to SAV subtype 2. The presented results also demonstrate that cell lines RTG-2 and CHSE-214 may be used for the virus isolation. The study will contribute to the development of improved diagnostics and may eventually be useful in prevention from SDV outbreaks in Polish aquaculture.
